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In this section we outline calculations for assessing contribution of individual samples to the likelihood function (eq. 6). Let r = (y −m C )/σ represent the model residual normalized by the measurement precision. The contribution from a single sample to the overall likelihood p(y|θ) = i∈S f i is given by:
Isolines of ln(f ) (dropping the subscript i) can be generated ( Figure S1 ) for several combinations of σ and r:
ln f = − 1 2 ln(2π) + 2 ln(σ) + r 2 .
This quantity gives an indication for the magnitude of contribution by individual data point (with uncertainty σ and relative deviation r) to the overall log-likelihood. For example, a sample near the detection limit (m C ∼ 3σ 0 ) compared to one at the limit of quantification (m C ∼ 10σ 0 ) means σ = σ 0 (1 + 3 2 κ 2 ) 1/2 and σ 0 (1 + 10 2 κ 2 ) 1/2 , respectively, from our heteroscedastic 10 error model (eq. 7). For identical r, the σ contribution of the higher concentration sample to ln f is ∼80% of the lower one for a for σ 0 = 0.37 µg cm −2 and κ = 0.07 (Section 3.2) but decreases to ∼25% for κ = 0.3.
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S2 Prior distributions
Structures are colored by the elements that they contain. Structure names are described with illustrations in Table 1 of technical note by Ruggeri and Takahama (2016) . Figure S5 . Estimates of OM/OC when normalized by mC and αmC. Secondary aerosol species contain many small but highly functional molecules, but the overall mode of the true OM/OC distribution is 1.96; the mode for primary aerosol species is 1.17. 
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S4 Posterior predictions
After obtaining the posterior parameter distributions, probability distributions and intervals of predictions of the target variable y are obtained for model checking (Robert, 2007; Vehtari and Ojanen, 2012; Gelman et al., 2013) . The posterior predictive distribution for newỹ from spectrumx is given by
For model checking,ỹ corresponds to replications of the data used for fitting; the integral in eq. S2 can be numerically evaluated using the values of θ generated from MCMC. The expected value of this posterior distribution corresponds to m C (eq. 5). While m C is uniquely determined for a given realization of θ, ε and thereforeỹ varies according to the sample drawn from a normal distribution characterized with the value of κ 2 . The posterior predictive distribution is generally symmetric, and the mode or 25 mean ofỹ can simply be approximated by the mode or mean of the posterior parameter distributions ( Figure S11 ).
More generally, for any scalar-valued property z (e.g., m C or OM/OC) dependent on ψ = θ \ {κ 2 }, p(z|y) and its corresponding central estimate or intervals can also be constructed by transforming the Markov sequence of the parameters: Hoff, 2009 ). In applying this strategy toward the calculation of OM/OC ratios, we obtain posterior probability distributions for each sample. Due to the nonzero probabilities of several discrete values of k aCOH and k COOH ,
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OM/OC estimates can become multimodal when contributions from these oxygenated FGs are substantial (examples shown in Figure S12 ). We find that the median or peak of the largest mode of the posterior distribution of OM/OC is well-approximated 
